It has been suggested that commuting behaviours become habitual and that changes to commute mode are more likely at the time of major life events. However, evidence to support this has so far been limited to analyses of small-scale samples. To address this evidence gap, we use two waves of panel data from the UK Household Longitudinal Study (2009/10 and 2010/11) to identify and explain the prevalence of individual change in commute mode from year to year amongst a representative sample of the English working population (n = 15,200). One third of those that cycle or get the bus to work, and one quarter of those that walk to work, are shown to change commuting mode by the following year. Car commuting is more stable, with only one in ten car commuters changing mode by the following year. Commute mode changes are found to be primarily driven by alterations to the distance to work which occur in association with changing job or moving home. Switching to non-car commuting becomes much more likely (9.2 times) as the distance to work drops below three miles. High quality public transport links to employment centres are shown to encourage switches away from car commuting and mixed land uses are shown to encourage switches to active commuting (walking and cycling). Switches away from car commuting are found to be more likely (1.3 times) for those with a proenvironmental attitude. The attitude orientation is shown to precede the behaviour change, demonstrating evidence of 'cause and effect'. Overall, the study shows that changes in commuting behaviour are strongly influenced by life events, spatial context and environmental attitude.
Introduction
Transport policies in urban areas are often designed to encourage people to adopt non-car transport in order to reduce pressure on scarce road space and to improve the quality of the urban environment. Policies are particularly targeted towards managing commuting behaviours, as it is during the morning and evening peak commuting times that transport networks are under the most pressure. However, it has been shown that daily car commuting becomes habitual and is repeated with little or no conscious consideration of alternatives (Gardner, 2009) . For this reason it is a challenge to encourage people to adopt new commuting behaviours, even if improvements are made to public transport services or to walking and cycling environments. Whilst there has been substantial research into the factors associated with commuting by different transport modes, there has been less attention given to identifying the factors associated with changes to commute mode, the focus of this paper. It is important to understand what prompts people to change commute mode if effective policies and measures are to be developed to influence commuting behaviours.
The 'habit-discontinuity hypothesis' posits that habitual behaviour may become weakened when interrupted by a contextual change (Verplanken et al., 2008) . It can be expected that people are more likely to change commuting mode if there is a contextual change to their life situation -for example through a life event like moving home. This paper examines how the likelihood of changing commute mode is influenced by life events, while also accounting for socio-demographics, transport resources, spatial context (urban form and transport supply) and environmental attitude. The paper begins with a review of existing knowledge on the determinants of commute mode decisions which clarifies the knowledge gaps and intended contributions of our study. We then introduce the data and analytical framework used to analyse changes in commuting mode. The results are presented before the paper finishes with a discussion of the implications for research and policy.
Literature review
The main focus of the review is on longitudinal studies that have investigated factors associated with changes to commute mode. However, to provide context we start by discussing mode choice models estimated from cross-sectional data.
Cross-sectional evidence on determinants of commute mode choice
The usual assumption made in mode choice models is that commuters evaluate the attributes of transport modes available to them and choose the option that provides the greatest overall utility (Ortúzar and Willumsen, 2011) . Mode choice models include, as explanatory variables, attributes of transport modes (usually travel times and costs) and sociodemographic characteristics of individuals to recognise that tendencies to use modes may vary in the population. After including modal attributes and trip maker characteristics, there are usually unexplained preferences for particular modes and these are represented by alternative specific constants in the utility function. More recent work has sought to improve explanation of differences in individual mode preferences by incorporating subjective variables relating to perceptions and attitudes in mode choice models. For example, Johansson et al. (2006) found that attitudes towards flexibility and comfort, as well as pro-environmental inclination, influenced commute mode choices, in addition to instrumental modal attributes like commute time and cost.
Urban planners have an interest in how urban form influences travel behaviour and have also looked more broadly at the influence of the built environment on commute mode choices. They have shown that commute mode choice can also be influenced by land use density, mix and design (Cervero, 2002) . The question has been raised, however, as to whether the built environment has a causal influence on commute mode choices or whether people self-select into residential neighbourhoods that suit their pre-existing commute mode preference. Studies of 'residential self-selection' have tended to confirm that the built environment does have an independent effect, after controlling for measures of attitudinal self-selection (e.g. Schwanen and Mokhtarian, 2005) .
Longitudinal evidence on determinants of change to commute mode choice
Data sets which include repeated observations of the commuting behaviour of the same individuals over time are scarce and therefore evidence on determinants of changes to commute mode is limited. Panter et al. (2013) obtained repeated observations, 12 months apart, of the commuting behaviour of 655 workers in Cambridge. They tested the impact of baseline measures of personal and household characteristics, built environment characteristics (objective and subjective) and attitudes towards car use. They found uptake of walking to work was associated with not having children, perception of convenient public transport and lack of free workplace parking. Uptake of cycling to work was predicted by perception of convenient cycle routes and more frequent bus services. The study did not test the influence of change variables for events occurring in people's lives or any changes in external situational factors. Dargay and Hanly (2007) showed through a descriptive analysis of the British Household Panel Survey (n 5000), that 17.6% of commuters changed mode between years. This figure increased to 28.1% for those who moved home, 32.7% for those that changed employer and 44.6% for those that changed both home and employer. Oakil et al. (2011) conducted a multiple regression analysis of the relationship between a range of life events and commute mode changes. They used data from a retrospective survey capturing 21 year life histories of nearly 200 respondents in the Utrecht region (Netherlands). Switches from commuting by car were associated with changing to part time work, changing employer, and separation from a partner (one year before the commute mode change). Switches to commuting by car were associated with birth of the first child, changing employer, and separation from a partner (one year before the commute mode change). After controlling for other factors, residential relocations were not significant. Data limitations prevented an examination of the role of spatial context (i.e. urban form and transport supply). Verplanken et al. (2008) studied the effect of residential relocations on the commuting mode of 433 university employees. They found that employees who had moved within the last year and were environmentally concerned used the car less frequently than environmentally concerned commuters who had not moved within the last year. Their interpretation of this is that residential moves allow environmentally concerned individuals to adjust their commuting behaviour in line with their values.
The influence of life events
Qualitative research with home movers has shown variation in the extent to which they plan travel, including the journey to work, during the moving process. Most movers are not fully aware of transport opportunities until after the move (Jones and Ogilvie, 2012) . It is argued therefore that the notion of residential self-selection is too deterministic.
However, there is evidence that commuting requirements are considered in home or job moves. Van Ommeren et al. (1997) found from an analysis of Dutch data (called Telepanel, collected in 1992-3) that every additional 10 km of commuting distance decreased the expected duration of the current job and current residence by more than two years. Clark et al. (2003) found (using Puget Sound Transportation Panel data over the years 1989-1997) a critical value of eight kilometers as the commute distance beyond which the likelihood of decreasing commute distance (by moving home or changing job) increases strongly. This emphasises that home and job changes are not strictly exogenous but may be motivated by a wish to reduce time spent commuting.
Changes to the transport system
The previously reported studies have considered the relationship between life events and changes to commuting mode. Changes to the transport system would also be expected to act as contextual changes that influence commute mode choices. There are surprisingly few studies that have directly analysed this. Bradley (1997) investigated the effect on commute mode choice of a new rail commuter line in the Netherlands. Before and after panel data for 475 commuters collected a year apart showed that 119 of the 475 car and bus commuters switched to the train. Heinen et al. (2015) investigated the change in commute mode of 470 workers in Cambridge after introduction of a guided busway with a path for walking and cycling in 2011. Seven-day travel to work diaries were obtained in 2009 and 2012. The diaries recorded the number of commute trips made by different modes. While net changes in mode share were small, they found that those living close to the new infrastructure were more likely to increase walking and cycling mode share and reduce car mode share (with no significant effect on bus use).
Changes to transport costs
The introduction of financial incentives or disincentives can also be expected to influence commute mode. In the 13-week field trial 'Spitsmijden', conducted in the Netherlands, 341 participants were provided with daily rewards to encourage them to avoid driving in the morning rush-hour (Ben-Elia and Ettema, 2011). To receive a reward they could drive earlier or later or avoid driving (changing mode or working from home). The results showed that about one quarter of participants avoided driving during the trial. A positive attitude towards cycling and experience of using other modes was associated with greater likelihood of not driving. However, rush hour driving returned to pre-trial levels after the incentives were withdrawn.
Information and marketing interventions
Voluntary Travel Behaviour Change (VTBC) measures encourage travellers to change the way they travel through information and marketing. Thørgersen (2006) evaluated the impact of a free one month public transport card targeted at commuters who owned a car in Copenhagen. An intervention group (n = 373) received a free public transport travel card and a control group (n = 224) did not receive the card. The study showed that it was only those in the intervention group who had moved home or changed workplace within the last three months that increased their public transport use. This highlights the potentially critical role of life events in facilitating changes to commute behaviour. Hence, while changes to the external transport context through various means have been shown to influence commuting behaviour, it appears likely that commuters are more likely to respond to these if they are also experiencing life events.
Knowledge gaps and data opportunity
The review provides evidence that commute mode changes are more likely for those experiencing life events. However, previous studies on life events and commute mode changes have had to rely on non-representative, small sample sizes and/ or have focussed on a single or limited range of life events. Data limitations have also restricted understanding of the role of contextual factors (socio-demographics, transport resources, spatial context, attitudes) in influencing whether life events increase the likelihood of commute mode changes and the types of change. Thus the analysis presented in the next sections sought to address three research questions:
1. How many people change commute mode from one year to the next? 2. To what extent are commute mode changes associated with life events? and 3. How are socio-demographic characteristics, attitudes and (changes to) spatial context associated with commute mode changes?
The availability of two wave panel data from the UK Household Longitudinal Study (UKHLS) (established in 2009) provided an opportunity to address these questions in a single analytical framework. The breadth of information collected in UKHLS meant that a comprehensive range of life events could be considered. The UKHLS also captures distance to work and how this changes from year to year. Previous studies of life events and commute mode changes have not explicitly accounted for this. Debates around residential self-selection have been concerned with the extent to which observed relationships between commute mode choices and urban form are indirect proxies for lifestyle preferences. By linking to a number of external data sets, it has been possible to represent the spatial context in which people live and how this changes in association with residential relocations. The UKHLS also includes a measure of environmental attitude. This enabled an examination of the temporal relationship between environmental attitude and commute mode, to explicate whether environmental attitude in the base year influences whether a commute mode change occurs by the following year.
Theoretical framework
Most theories of consumer behaviour assume that behaviour is a result of a deliberative process (see Van Acker et al. (2010) for a review of behavioural theories that have been applied to travel behaviour research). For example, the widely used Theory of Planned Behaviour (Ajzen, 1991) posits that behavioural intention is formed by a combination of attitudes, subjective norm and perceived behavioural control with behavioural intention determining behaviour, mediated by actual control. But there has been increasing recognition that some behaviours such as travel behaviours, are habitual and are not deliberated over each time they are performed. Verplanken et al. (1997) suggested that those with strong habits automatically enact a behaviour to achieve their goals, while those with weak habits refer to situational cues and seek information to support their choice making. Ouellette and Wood (1998) showed that when behaviours are performed in unstable circumstances, behaviour is deliberative and determined by behavioural intentions, but when behaviours are wellpracticed, intentions are less influential and habits dominate. Verplanken et al. (2008, p. 122) have introduced the 'habit discontinuity hypothesis' that posits that context change (where context encompasses the environment where behaviour takes place, including physical, spatial, social, and time cues) 'provides a window within which behaviour may have a higher likelihood to be (re)considered'. Lanzendorf's (2003) dynamic Mobility Biography framework has also been used to examine how travel behaviours develop over the course of one's life in relation to changes occurring in three related life domains: the lifestyle domain (e.g. family formation, employment type), the accessibility domain (e.g. the relative locations of home and employment) and the mobility domain (e.g. car availability). In the Mobility Biographies framework, life events occurring in one domain, such as a change in employment, can be expected to potentially lead to changes in other domains, for example a change in car ownership (e.g. Clark et al., 2015) or commuting mode.
A generalised conceptual model of the relationship between life events and travel behaviour change is shown in Fig. 1 . The hypothesis made is that turning points in travel behaviour, such as a change in commute mode, are triggered by a contextual change (a life event for the purposes of our research but this could also be a change to the transport system as discussed in the literature review). Life events can alter the roles that people perform within their family and social networks, alter the values people hold, alter the resources available for travel and alter the context for travel. These can create 'transport stressors', which entail discrepancies between the current transport circumstances and a desirable alternative (Miller, 2005) , potentially triggering deliberation over travel behaviour. Life events can also change the travel mode alternatives that are available, the characteristics of travel that are considered salient and hence attitudes towards travel modes (Van der Waerden et al., 2003) . Drawing on the work of Giele and Elder (1998) , and later developed by Chatterjee et al. (2013) , three types of mediating factor are hypothesised to influence travel behaviour outcomes following a contextual change. These are personal history (for example, experience in using travel modes), intrinsic motivations (for example, saving money or improving health) and facilitating conditions (for example, public transport availability).
The analysis of commute mode changes using two wave panel data operationalised a simplified version of this framework, as shown in Fig. 2 . It is assumed that in stable circumstances, commuting behaviour becomes established in line with an individual's life context, including their socio-demographic circumstances, transport resources, spatial context and attitudes (at time period one). After experiencing a life event, deliberation over commuting behaviour will be made based on the new contextual circumstances (a combination of the circumstances that existed prior to the life event and any changes to these). Commuting behaviour (at time period two) may be unchanged (e.g. remaining a car commuter) or modified (e.g. switching to non-car commuting).
It is not shown in Fig. 2 but we recognise that life events can be a response to commuting considerations (e.g. a long commute may lead to a decision to move closer to work). They may not therefore be strictly exogenous to commuting behaviour. In the analysis that follows we are not able to take this into account (given lack of information in our data on reasons for life events) but recognition is given to this in interpreting the results. The method and results of our study are now reported.
Models of changing commute mode
The analysis of factors associated with changing commute mode from year to year was conducted using the first two waves of data available from the UKHLS (2009/10 and 2010/11).
UKHLS data and analytical approach
The UKHLS uses a sample that is representative of the UK population in 2009. It captures a range of social, economic and attitudinal information about the lives of members of 40,000 households. Adult household members (aged 16 or over) are interviewed once per year. Given restrictions in the availability of geographical context variables for all nations of the UK, the sample analysed was of individuals resident in England and that were in employment at both waves. This constituted 15,200 individuals.
Commuting modes
The UKHLS survey asks each working person how they usually get to their place of work 1 . The data confirmed the car as the most common method for travelling to work in England in 2009/10 (see Table 1 ). Table 2 shows, by mode, the percentage of people choosing the same or an alternative commuting mode. This demonstrates that car commuting is a more stable option compared to other modes. It also illustrates how the car is the most attractive alternative to users of other modes. For example over 90% of car commuters were still commuting by car the following year. By contrast, a third of cyclists had changed to an alternative mode, with the largest share (16% of cyclists) switching to commuting by car.
To set this in the context of the longer term, a separate analysis of British Household Panel Survey (predecessor to UKHLS) data for 1991-2009 was also performed. This showed that the mean duration of car commuting (among the 4098 respondents who participated in all 18 waves) was 6.3 years, while for public transport commuting it was 3.0 years and for active commuting (commuting by walking or cycling) it was 3.2 years. This highlights that people tend not to maintain non-car commuting for very long and once they have started commuting by car, they tend to remain a car commuter.
Analysis of changes to commuting mode
Two categories of commute mode switching were analysed: 1. Commuting by car (driving or getting a lift) and changes to and from this position and 2. Commuting by active travel (walking and cycling, herein referred to as active commuting) and changes to and from this position. There is major policy interest in the UK in encouraging commuting by alternatives to the car and in particular by active travel modes.
These commuting behaviours were analysed through a two-step regression approach. In step one a cross-sectional model was estimated, on the full wave one sample, to identify factors associated with the commuting states of interest: car commuting and active commuting. In step two, transition models were estimated for the changes of interest (to/from car commuting; to/from active commuting). For each worker there was one observation (a flag indicating whether a commute mode change had occurred by wave two). The dependent variables for each model are described in Table 3 .
Binary logit regressions were employed for both the cross-sectional models and the transition models. The dependent variables take the value '1' for the outcome of interest (commuting by car/active travel or changing to or from these positions) or '0' otherwise. The sample included households with multiple workers (on average there were 1.4 workers per household), therefore random-effects binary logit models were fitted using the 'xtlogit' command in Stata. The random effects specification accounts for unmeasured household factors (common to workers from the same household) by introducing an error term specific to each household in addition to an error term specific to each individual. The household error term is assumed to be normally distributed across the sample. It was found that the household error term was statistically significant (although with implied intra-household correlations that were modest) and it was hence appropriate to use the random effects specification. Explanatory variables were selected for inclusion in the models based on our assessment of the literature reviewed in this paper and the analytical framework depicted in Fig. 2 . Baseline variables for individual characteristics at wave one are included in the cross-sectional models and the commute mode change models. The transition models also include life events and a number of other change variables to capture changes in circumstance by wave two.
Explanatory variables -baseline
The baseline variables include indicators for each working individual of socio-demographics, transport resources, spatial context and environmental attitude. Socio-demographic information available included gender, age, education, employment type and household size, structure and income. Transport resource information available was restricted to driver licence availability and number of household cars. A single attitude measure was available. This related to environmental attitude and was measured in the base year as a binary response to the statement ''any changes I make to help the environment need to fit in with my lifestyle" (agreement or disagreement).
Spatial context variables were drawn from other data sets and linked to UKHLS via a geographic identifier of the individual's residential address -the UK census Lower Layer Super Output Area (LSOA). These linked variables are summarised in Table 4 . They refer to the spatial context of the residence of the individuals in the sample, rather than providing any information about the workplace (hereafter referred to as 'residential context' when presenting results. This includes the land use characteristics and public transport supply in the vicinity of the home). However, distance to work was directly available from UKHLS. Distance to work was only collected during the first six months of the wave one survey (owing to the need Table 4 Residential context variables. to shorten the UKHLS interview process during wave one), but fully recorded in wave two. This led to a large number of missing values in the distance to work variable in the base year. To handle this, distance to work was coded as a categorical variable with 'no response' as a category to retain all observations in the analysis model. Models were also estimated on the work-distance subsample (n = 4288) as a robustness check for the preferred model results.
Explanatory variables -life events and contextual change variables
Life events: Dummy variables were coded for the range of life events summarised in Table 5 . Switching employer 2 was the most frequently experienced event followed by residential relocations. For each life event subsample, Table 5 also reports the percentage of individuals that experienced different commute mode changes. This may be compared to the proportion of commute mode changers for the full sample of interest (shown in bold in the last row of Table 5 ) to identify whether the life event is associated with increased prevalence of commute mode change. The comparison indicates that, of the life events tested, residential relocations, employment switches and gaining a driving licence were most strongly associated with increased prevalence of changing commute mode to/from car/active commuting. It is also once again apparent that switching away from non-car and active commuting is far more prevalent than switching towards non-car or active commuting in association with a life event. Having a child is not found to be significant, although many workers who have a child leave the workforce and are therefore excluded from any analysis of commute mode change.
Change in distance to work: Change in distance to work between waves one and two associated with a residential move or job change was included as a variable. Given that the work distance variable included a large number of missing values in wave one, it was necessary to code change in work distance as a categorical variable (including missing as a category to retain all observations). A single distance change threshold was defined for each type of commute mode switch. Sensitivity tests indicated that changes from three miles or over to below three miles most strongly predicted switches to non-car commuting and to active commuting, while changes from two miles or less to over two miles most strongly predicted switches to car commuting and non-active commuting.
Contextual change variables: A number of continuous variables were included to capture changes in residential context (such as an increase in population density) and change in household income between waves one and two. Note that a change in residential context could only occur in association with a move to a new neighbourhood as all spatial context data was statically defined i.e. no information was available on whether land uses or the transport system were themselves changed from one year to the next.
The preferred regression models are presented in Tables 6 and 7. Note that these tables also report descriptive statistics for all explanatory variables (counts and percentages for categorical variables and means and standard deviations for continuous variables). A commentary and interpretation of the results is provided next in Sections 5.2 and 5.3.
Regression analysis: car commuting and switches to/from this

Predictors of commuting by car
Transport resources available within the household (and specifically opportunity to use a car) and commute distance variables have the strongest effects on the likelihood of commuting by car at wave one. Commuting by car increases in likelihood with having a driving licence, having greater access to household cars and as the distance to work increases, but only up to 25 miles (after which the data shows that rail competes with car). The residential context has a strong effect with living in areas Car to non-car n = 9432
Non-car to car n = 5532
Active to nonactive n = 2070
Non-active to active n = 12,894 b % of individuals in the life event sub sample that also changed commute mode e.g. 18.2% of car commuters that switched employer also changed from car to non-car commuting. c % age of the commute mode subgroup that switched mode overall e.g. 8.6% of car commuters switched to non-car commuting overall. ** Life event subgroup has a higher/lower prevalence of commute mode change compared to sample average, significant at 95% level. * Significant at 90% level. Wald statistic is significant at 95% level, indicating improved model fit compared to null model. with greater access to alternatives to the car (i.e. London, higher population density, proximity to rail, poorer living environment -which may be associated with living close to major transport links) reducing likelihood of commuting by car. Living in areas of higher deprivation (see variables under 'social environment' in Table 6 ) is associated with higher likelihood of car commuting (after controlling for other factors). We hypothesise that this is because perceptions of non-car alternatives are less positive in areas of higher deprivation. For example, Anable (2010) found that perceptions of the walking and cycling environment were least positive in the most deprived areas based on a survey of 12,000 households in Scotland, UK. After accounting for other factors, higher economic status, as indicated by educational qualifications and income, is associated with reduced likelihood of car commuting. One possible explanation for this is higher status jobs being located in larger urban areas that are less accessible by car. With respect to employment type, the self-employed and those working for small employers ('small employers and own account' in Table 6 ) are less likely to commute by car (as the data indicates that these groups have greater tendency to work from home) and those in lower supervisory and technical roles have increased likelihood of commuting by car. Gender and life stage (which is reflected by 'age' and 'household structure' in Table 6 ) are relevant with the likelihood of car commuting greater for females, having children present in the household and being aged 25-44 or 60 or over (after accounting for other factors such as car access and distance to work). This suggests that those with caring and household responsibilities prefer to use a car. Attitudes are found to play a role with willingness to act to protect the environment associated with lower likelihood of car use.
Predictors of switching to/from commuting by car
The transition models indicate that a change in commute distance most strongly predicts switching to/from car commuting. Increases in distances have a stronger effect than reductions in distance e.g. an increase from two miles or less to at least two miles increases the likelihood of switching to car by 30 times, while a decrease from three miles or more to less than three miles increases likelihood of switching to non-car commuting by only nine times. Such changes occur either when moving home or changing employer. These are frequently experienced events (e.g. 10% of the sample changed employer -see Table 5 ) and are therefore of great significance for commuting.
Residential relocations are likely to result in a change in residential context (land use and public transport provision) to a greater or lesser extent. The transition models show that residential relocations involving an increase in population density and reduced travel time to the nearest employment centre by public transport and walking 3 (see 'change in residential context' variables in Table 6 ) increase the likelihood of switching to non-car commuting, highlighting the importance of public transport availability/connectivity in reducing car commuting. Beyond their impacts via commute distance and residential context changes, changing employer and moving home, as life events in themselves, are also associated with increased likelihood of changing to and from car commuting. Odds ratios for switching from car to non-car are 1.8 in association with residential relocation and 2.5 in association with switching employer. Odds ratios for switching from non-car to car are 1.7 in association with residential relocation and 2.5 in association with switching employer. These findings should be treated with caution, however, given the large number of missing values for the change in commute distance variable. Sensitivity tests estimating transition models only on the subset of cases without missing commute distance values demonstrated that changes in distance to work and residential context remained significant, as did switching employer, but the residential relocation event was no longer significant. The increased likelihood of changing to and from car commuting with a change of employer, regardless of the change in commute distance, is likely to be due to it bringing about a change in the attractiveness of commuting by different modes in ways that are not captured by the data (no information was available on the transport attributes of the workplace). It could also simply be due to it prompting deliberation about how to get to work which would not occur otherwise. With respect to other observable life events, acquiring a driving licence is found to strongly predict a switch to car commuting -it is worth noting that a licence may be acquired with travel to work in mind. Stopping cohabitating increases likelihood of switching from car to non-car. This may relate to the loss of access to a car which has been found to often occur in this circumstance (see Clark et al., 2015) . The results also show that age and educational levels influence the propensity to switch to and from car commuting. Those aged 16-29 are more likely than other age groups to switch towards car commuting, indicating that young adults tend to move towards car commuting in their early years in the labour force. On the other hand highly educated individuals are less likely to switch to car commuting, suggesting that they take on jobs and residential locations that do not suit car commuting (whether this is willingly or not is not known).
After controlling for the possible confounding effects of residential context and socio-economic characteristics, attitudes and specifically a willingness to act to protect the environment in the base year, increases likelihood of switching from car to non-car (increases odds by a factor of 1.32), but is not found to affect the opposite switch. This suggests that attitude plays an active role for car commuters considering alternatives. Insight into the temporal sequence is notable here. The proenvironmental attitude exists before the commute mode change, confirming that attitude precedes behaviour change and does not simply adjust to the new behaviour. Wald statistic is significant at 95% level, indicating improved model fit compared to null model. 
.1. Predictors of active commuting
The wave one cross-sectional model (Table 7) confirms that many of the factors that predict car/non-car commuting also predict active/non-active commuting. In common with car commuting, commute distance and transport resources (specifically opportunity to use a household car) have the strongest effects. Active commuting is most likely for those living within two miles of work, with the likelihood reducing for those within two to five miles (0.6 times the likelihood of those within two miles) and reducing sharply for longer distances. Having a driving licence and access to a larger number of household cars reduces the likelihood of active commuting.
The residential context has a strong effect, but different characteristics influence propensity for active commuting in comparison to car commuting. Living in mixed land use areas (as indicated by higher population density, higher number of local food stores, fewer large employment centres (with 100+ jobs) nearby, 4 poorer living environment -which is associated with living close to major transport links) and good access to bus services (living close to more bus stops, and shorter public transport journey times to employment centres) increase likelihood of active commuting. Access to a local rail station (which reduces likelihood of car commuting) does not have an effect. This suggests that the nature of the local built environment is important to active commuting. The results show that those living in more deprived areas (with a higher overall index of multiple deprivation) have a lower likelihood of active commuting. As mentioned previously, this may stem from less positive perceptions of the walking and cycling environment. Active commuting is more likely in non-metropolitan urban areas than metropolitan areas (including London) and rural areas after considering other factors such as commute distance and car ownership. In contrast to car commuting, education level, income and gender are not important, but employment type is found to have a stronger effect. Those working in higher categories of employment (e.g. management roles) and those working for small employers or in self-employment ('small employers and own account' in Table 7 ) are less likely to commute by active travel. The attitude relationship is as expected with willingness to act to protect the environment being associated with increased likelihood of active commuting.
Predictors of switching to/from active commuting
The life events identified as important for switching to/from car commuting also hold for switching to/from active commuting. Employment changes and residential relocations that alter the commute distance are the strongest predictor of switches to and from active commuting. An increase from two miles or less to at least two miles increases the likelihood of switching to non-active travel by 31 times, while a decrease from three miles or more to less than three miles increases likelihood of switching to active travel by only five times. This suggests that active commuting is very unlikely to be sustained when the distance to work increases beyond two miles.
The type of alteration to residential context (land use and public transport availability), which may occur in association with a house move, is also shown to be significant. Starting active commuting is more likely in association with residential moves to mixed land use areas (as indicated by more local food stores and fewer local large employment centres with 100 or more jobs). As with switches to/from car commuting, sensitivity tests estimating transition models only on the subset of cases without missing commute distances demonstrated that changes in commute distance and residential context remained significant, as did changing employer, but the residential relocation event was no longer significant.
In contrast to switches to/from car commuting, education level is not found to be important but employment type is important. Those in management/professional jobs are less likely to switch to active commuting than other employment categories. Consistent with switches to/from car commuting, younger adults aged 16-29 are more likely than other age groups to curtail active commuting. With respect to attitudes, it is found that willingness to act to protect the environment increases likelihood of starting active commuting (increasing odds by a factor of 1.26), but it is not found to affect the opposite switch. This suggests that attitude plays a role for those considering active commuting and insight into the temporal sequence is once again notable here -the pro-environmental attitude is shown to precede the pro-environmental behaviour change.
Discussion
Empirical insights
We now summarise the key empirical findings and their implications for research and policy, by returning to the research questions set out in section three:
In relation to the role of life events (question two), employment changes and residential relocations have been shown to increase the likelihood of commute mode changes occurring, primarily by altering the distance to work. Distance increases are more likely to prompt a switch to car commuting (odds increased by a factor of 30) than distance reductions are to prompt a switch from car commuting (odds increased by a factor of nine). Employment changes are found to have an independent effect after controlling for distance to work changes. Residential relocations as events in themselves have a weaker effect, but may indirectly exert a further influence through changes to the local context for travel (discussed later).
In relation to question three, our cross-sectional socio-demographic and residential context relationships were on the whole consistent with previous studies. There has been less evidence of their association with commute mode changes and in this respect we have confirmed Panter et al.'s (2013) finding that certain socio-demographic characteristics also increase likelihood of particular commute mode changes. In particular holding a degree reduces likelihood of switching to car commuting. We also found that different employment roles are associated with different types of commuting behaviour changes.
It has also been confirmed that different types of change to residential context encourage different types of commute mode switching. Specifically moves to mixed land use areas encourage switches to active commuting, while moves involving shorter journey times to employment by public transport encourage switches away from car commuting.
With respect to attitudes, the models indicate that a 'willingness to protect the environment' precedes a behavioural change towards non-car and active commuting and makes it more likely by about 1.3 times, after controlling for sociodemographic characteristics, residential context and occurrence of life events. This attitude measure did not predict switches towards car commuting which suggests that at least some people with environmental concerns actively seek to modify their commuting behaviour. The temporal sequence confirms that attitudes do not simply adjust to match new behaviours once they are established.
Relationship to theory
Overall these empirical findings are supportive of the conceptual framework put forward in Fig. 1 . They show that life events relating to residential and employment location are associated with increased likelihood of commute mode changes. Factors relating to the built environment (facilitating conditions) and pre-existing attitudes (intrinsic motivation) are shown to play a role in this process. But it cannot be determined whether there was a wish to change commute mode prior to changing home or job, or whether the deliberation over commute mode only occurred afterwards. It is quite possible that reflection over commuting behaviour occurs both before and after.
Opportunities for further research
We looked at whether life events and commute mode changes occurred in the same one year period. Oakil et al. (2011) examined whether there were lagged or lead effects between life events and commute mode change but their sample was relatively small. This is an area that would certainly benefit from further research as additional waves become available in the UKLHS.
We have also not been able to examine the longer term trajectories of commuting with only two waves of data. It would be interesting to see whether the length of time spent commuting by a particular mode affects the likelihood of a switch taking place (with and without the occurrence of life events). Past commuting behaviour is known to be a strong predictor of current behaviour (Dargay and Hanly, 2007) , indicating that behaviours learnt in the past may exert a strong influence on how people adapt to new situations following life events. This could also be investigated with longer history data. More waves of data will also enable an examination of whether relationships are stable over time or are specific to certain periods.
The data set we developed only had indicators of life events experienced by our survey sample and not transport interventions. It would be valuable to examine the interaction between life events and transport interventions, although longitudinal data on both life events and policy interventions is clearly challenging to generate.
Policy implications
Employment changes: The results showed that people are more likely to change commuting behaviour when they start working for a new employer. For example, nearly one in five car commuters switched to non-car commuting when they changed employer. Although this study did not examine the impact of VTBC measures, the findings imply that they are likely to be most effective when aimed at new employees (as they will be contemplating their commuting options to a greater extent than established employees) -for instance by issuing travel packs, or temporary free bus passes. Such measures may be particularly appropriate for new, young adult entrants to the labour market given the earlier observation that young adults tend to move towards car commuting as their careers mature.
Residential relocations: People are also more likely to change how they commute to work when they move home. For example, 15% of car commuters switched to non-car commuting at the time of a residential relocation. As with employment changes, this would suggest that VTBC measures (e.g. travel packs explaining available transport options in the local area) would be most effective when residents move into a new home. In particular, those moving into new build developments are a targetable group for such interventions.
Whilst we have observed a greater prevalence of commute mode change occurring amongst the group of employees experiencing these life events, it is notable that the majority (e.g. 72% of car commuters that switched employer) maintained the same commute mode after the life event. The decision to not change mode at the time of a life event may involve a similar level of deliberation as the decision to change mode (see Fig. 1 ). Further research is required to identify the potential for mode changes amongst stable commuters and their likely response to VTBC measures.
Land use planning: The findings also suggest that the built environment has an important mediating role to play in enabling commuting by non-car modes when people move home or change employer. The regression models indicated that shorter journey times by public transport to employment sites (following a house move) encourages non-car commuting. This supports the case for investment in measures to reduce journey times by public transport to employment centres. This may be achieved by providing faster services, or reducing the need to change services. The regression models also revealed that indicators of mixed land uses (e.g. proximity to food stores) were associated with increased likelihood of switching to active commuting. Hence planning policies concerned with encouraging active commuting might prioritise mixed developments with short distances (less than two miles) between residential areas, amenities (shops) and employment opportunities.
Social deprivation: Residents of more socially deprived neighbourhoods were found to be more likely to commute by car and less likely to commute by active modes after controlling for other factors. This study provides no insight into why this might be the case and this is certainly an area that demands further research. We speculate that residents of deprived neighbourhoods are less positive about their walking and cycling environment and public transport services and that measures to improve these will be helpful in addressing this.
Concluding remarks
Previous studies of the factors influencing commute mode changes have had to rely on comparatively small data sets. This has limited the potential to jointly examine the effects of a range of life events, spatial contexts and attitudes. The large sample size and breadth of survey content in the UKHLS provided a new opportunity to jointly investigate these factors in a single analytical framework. Through this it has been demonstrated that commute mode changes are primarily driven by alterations to the distance to work which occur in association with residential relocations and employment switches. Non-car commuting becomes much more likely as the distance to work drops below three miles. The benefits of longitudinal data in providing stronger evidence of 'cause and effect' have also been demonstrated. A pro-environmental attitude has been shown to precede switches away from car commuting and towards active commuting. After controlling for attitudes, spatial context is confirmed to retain an independent effect with high quality public transport links to employment centres shown to encourage switches away from car commuting and mixed land uses shown to encourage switches to active commuting. This suggests an effect of the built environment on commute mode that is not merely associated with residential self-selection.
Information was not available about transport interventions experienced by the survey participants and future research should seek to identify how life events interact with transport interventions to influence commuting behaviour. Nevertheless, the research has provided firm evidence that life events are a key factor to be considered in travel behaviour studies and in transport policies concerned with promoting changes to commuting behaviour.
